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[bookmark: dbreak]This document describes the final updated evaluation result of User experience data rate, Area Traffic Capacity, Bandwidth and scalability – up to 1 GHz by 5GMF Evaluation Group regarding the IMT-2020 candidate technology submission in Document IMT-2020/18(Rev.1) by “Nufront”. The candidate technology was evaluated as the reset to Step 4 in the extended IMT-2020 evaluation process. The WG Technology Aspects (Option 2) meeting in August 2021 invited Nufront and 5GMF to continue the dialog on the outstanding issues, according to the agreed actions for closure of the process for Working Party (WP) 5D meeting #39. The agreed actions for the technical performance requirements above are described in Annex 8 to Document 5D/746.
1 Support of spectrum aggregation
After the WG Technology Aspects (Option 2) meeting in August 2021, 5GMF had an e-meeting and correspondence with Nufront on the spectrum aggregation or CA (Carrier Aggregation). The following documents were exchanged and discussed:
1) Nufront’s document for
· the general clarifications about CA, and 
· CA procedure and related sections in EUHT specification
2) 5GMF’s questions in the following technical areas
· transmit and reception of BCF-TLV frame in CA mode
· STA detects and accesses CCs of multiple cells (CAPs)
· STA power control in uplink CA mode
· STA behavior for system synchronization in CA mode
· RSSI reporting
· Handover
3) Nufront’s answers for the questions above.
The documents exchanged are attached below.
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2	5GMF Observation
[bookmark: _Hlk82122249]5GMF appreciates very much the elaboration from the proponent on spectrum aggregation. While the proponent provided some explanations, 5GMF is still of the view that the spectrum aggregation is not supported by the EUHT technology. Some of 5GMF’s key observations on the EUHT technology are summarized below:
1) From the EUHT specification (Attachment 5.4 to Document 5D/222) and also the explanations from the proponent, 5GMF understands that the intended operation for spectrum aggregation from the EUHT technology is such that each of the carriers operates independently, i.e. each carrier/CAP should include the complete set of signaling/channels needed for initial access and subsequent data transfer. However, the EUHT technology on spectrum aggregation, based on its specification, will unavoidably lead to the consequence of a STA connected to multiple CAPs, since the STA treats each carrier independently and thus the STA may connect to different CAPs on different carrier frequencies based on the initial access procedure disclosed in the EUHT specification. This is demonstrated by the Nufront elaborations in 3) in Section 1 of this document. Those are as follows.
· There is one MAC entity in STA which uniformly manage all the CCs, even those CCs belong to different cells.
· STA can obtain the CA-related information from BCF broadcasted from CAPs. It doesn’t matter if the number of CCs of CAPs is same or not. For example, if CAP#1 has 4 CCs while CAP#2 has 3 CCs, the STA will have this information from the BCF from CAP#1 and CAP#2. If this STA has capability to support 7 CCs, it can connect to CAP#1 and CAP#2.
	Unfortunately, one of the critical issues is that a method of EUHT technology would fail to reassemble data units when these data units are transferred over carriers which belong to different CAPs. This indicates that the EUHT technology does not support spectrum aggregation.
2) The EUHT technology does not provide many essential details in its specification on how the spectrum aggregation shall be operating, including bit value mapping rule, signaling, interface and entity, etc. Due to such lack of information in the EUHT technology, it is not possible to achieve inter-operability and the potential for wide industry support, which is the objective of consensus building in the IMT-2020 development process. This is manifested by the responses from the proponent that such details are up to proprietary implementation. However, 5GMF’s view is that inter-operability is a pre-requisite for any IMT-2020 technology.
For more detailed comments, refer to Part II D) section 1.3 “EUHT CA for eMBB evaluation” in the 5GMF revised evaluation report (Doc. 5D/740).
3	Conclusion
5GMF had investigated the support of CA in the candidate technology Document IMT‑2020/18(Rev.1) proposed by “Nufront proponent” after WG Technology Aspects (Option 2) meeting in August 2021. 5GMF concluded that the final evaluation result in the August 2021 meeting for User experience data rate, Area Traffic Capacity, Bandwidth and scalability – up to 1 GHz would be also valid and applied as the conclusion of Step 4 in WP 5D #39.
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1. The general clarifications about CA from Nufront



Firstly, there are some general clarifications about CA which may help 5GMF have fewer misunderstandings.



1) EUHT CA concept is different from 3GPP CA

We learnt that in 3GPP CA, each CC corresponds to an independent cell, which can be divided into the primary and secondary cells in a CA scenario. The primary cell is responsible for signaling connection.

The CA in EUHT is different:

a) One cell (CAP) may contains multiple CCs. 

b) There is no concept about primary and secondary CC (cell) in EUHT, since each CC has its own control channel to carry L1/L2 control signaling. Actually, each CC contains complete frame structure (preamble, SICH, CCH and TCH) 

[image: ]

2) STA Behavior

As defined in Section 5.1.6.4.2, STA should perform system synchronization including channel scan, preamble detection, SICH/CCH decoding, BCF decoding, etc.

[image: ]

3) DATA Transmission/ACK and Link Adaptation mechanism

In EUHT, CAP can schedule the data transmission and perform link adaptation on each CC. STA will transmit ACK frame if it correctly receives the data. Therefore, CAP will have the information about the CCs based on the ACK, CQI frames from STA.



2. CA procedure and related sections in EUHT specification



As requested by 5GMF, we provide the table below which contains the CA procedure and related sections in EUHT specification. The EUHT specification is based on 5D/222.



		Steps

		

		



		1

		CAP broadcasts BCF

		Section 5.1.5.3.4.1:	BCF definition. (Page 14)

Section 5.1.6.4.2: 	CAP broadcast BCF, STA can get sync. (Page 51)

Section 5.1.7.5.6.4: broadcast BCF by CCH indication. (Page 129)

Section 5.1.7.11: 	Same frame structure and system parameters in each CC. (Page 139)



		2

		STA can receive the BCF at some CC.

		Section 5.1.6.4.2: 	CAP broadcast BCF, STA can get sync. (Page 51)

Section 5.1.7.5.6.4: broadcast BCF by CCH indication. (Page 129)

Section 5.1.7.11: 	Same frame structure and system parameters in each CC. (Page 139)



		3

		STA will report to CAP its CA capability at the CC it received BCF

		Section 5.1.5.3.4.4: STA basic capability request frame shows if STA support spectrum aggregation. (Page 20)

Section 5.1.6.4: 	STA network access and capability negotiation. (Page 50)



		4

		CAP will notify that STA with Response frame

		Section 5.1.5.3.4.5: STA basic capability response frame inform if STA do spectrum aggregation. (Page 23)

Section 5.1.6.4: STA network access and capability negotiation. (Page 50)



		5

		Packets (MPDUs) can be transmitted at different CCs

		Section 5.1.6.15: Multi-carrier/subchannel transmission diagram. (Page 71)



		6

		Each CC has its own CCH.

		Section 5.1.7.11: CCH and TCH in each component carrier can be different. (Page 139)
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51642 System synchronization

‘The STA system synchronization process is as shown in Figure 39.
‘The main operation processes are as follows:

2) Scan physical signals on a channel;

b Ifthe STA can correctly detect the
Otherwise, repeat the detection until time out, and th
switch to the next channel and repeat the above operation;
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The response about CA from Nufront to 5GMF



  

1. The general clarifications about CA from Nufront



Firstly, there are some general clarifications about CA which may help 5GMF have fewer misunderstandings.



1) EUHT CA concept is different from 3GPP CA

We learnt that in 3GPP CA, each CC corresponds to an independent cell, which can be divided into the primary and secondary cells in a CA scenario. The primary cell is responsible for signaling connection.

The CA in EUHT is different:

a) One cell (CAP) may contains multiple CCs. 

b) There is no concept about primary and secondary CC (cell) in EUHT, since each CC has its own control channel to carry L1/L2 control signaling. Actually, each CC contains complete frame structure (preamble, SICH, CCH and TCH) 
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2) STA Behavior

As defined in Section 5.1.6.4.2, STA should perform system synchronization including channel scan, preamble detection, SICH/CCH decoding, BCF decoding, etc.

[image: ]

3) DATA Transmission/ACK and Link Adaptation mechanism

In EUHT, CAP can schedule the data transmission and perform link adaptation on each CC. STA will transmit ACK frame if it correctly receives the data. Therefore, CAP will have the information about the CCs based on the ACK, CQI frames from STA.



2. CA procedure and related sections in EUHT specification



As requested by 5GMF, we provide the table below which contains the CA procedure and related sections in EUHT specification. The EUHT specification is based on 5D/222.



		Steps

		

		



		1

		CAP broadcasts BCF

		Section 5.1.5.3.4.1:	BCF definition. (Page 14)

Section 5.1.6.4.2: 	CAP broadcast BCF, STA can get sync. (Page 51)

Section 5.1.7.5.6.4: broadcast BCF by CCH indication. (Page 129)

Section 5.1.7.11: 	Same frame structure and system parameters in each CC. (Page 139)



		2

		STA can receive the BCF at some CC.

		Section 5.1.6.4.2: 	CAP broadcast BCF, STA can get sync. (Page 51)

Section 5.1.7.5.6.4: broadcast BCF by CCH indication. (Page 129)

Section 5.1.7.11: 	Same frame structure and system parameters in each CC. (Page 139)



		3

		STA will report to CAP its CA capability at the CC it received BCF

		Section 5.1.5.3.4.4: STA basic capability request frame shows if STA support spectrum aggregation. (Page 20)

Section 5.1.6.4: 	STA network access and capability negotiation. (Page 50)



		4

		CAP will notify that STA with Response frame

		Section 5.1.5.3.4.5: STA basic capability response frame inform if STA do spectrum aggregation. (Page 23)

Section 5.1.6.4: STA network access and capability negotiation. (Page 50)



		5

		Packets (MPDUs) can be transmitted at different CCs

		Section 5.1.6.15: Multi-carrier/subchannel transmission diagram. (Page 71)



		6

		Each CC has its own CCH.

		Section 5.1.7.11: CCH and TCH in each component carrier can be different. (Page 139)







Question 1 about the transmit and reception of BCF-TLV frame in CA mode

1) How is it specified as the process of sending/receiving the BCF-TLV frame in CCs? How does it guarantees that the BCF-TLV frame is decoded successfully by STA in CA mode without any information for BCF-TLV in fixed part of BCF frame?

2) What’s the relationship between BCF-TLV frame in section 5.1.5.3.4.1 and custom frame in section 5.1.4.3.4.8.18 in CA mode?

3) How it is specified as the starting reception time in which BCF-TLV frame appears in CCs 

4) how does CAP transmit and STA receive 19*N bits when BCF-TLV length packet load is only 16 bits in section 5.1.5.3.4.1?

5) how STA can receive the BCF-TLV frame data successfully without knowing real TLV length, e.g. N is dynamic value in section 5.1.5.3.4.1.

6) How the “some CC” in Step 2 of above table is specified or decided?

7) What is a definition of time for CAP and STA to start sending and receiving user packets on CA mode?


Question 2 about STA detects and accesses CCs of multiple cells (CAPs)

As 5GMF evaluation report and previous response, Nufront states the STA can work under multiple cells.

[image: ]

1) One MAC layer uniformly manages and controls component carriers in section 5.1.6.15.1. However, in section 5.1.5.3.4.1 and 5.1.5.3.4.2, one CAP corresponds to one MAC layer, so the specification does not specify that more than one MACs manages the CCs of STA together. So, the management process and STA behavior under multiple MACs are not clear in the specification.



2) One STA detects and accesses into the CCs of multiple cells, each cell (CAP as specification in section 5.16.19.1) may have different capability or carrier configuration from others. Consequently, there are following questions;,

i. How is the STA behavior specified, if the BCF-TLV frames of the different cells include different starting carrier frequency within the one same carrier number?

ii. How is the STA behavior specified, if the BCF-TLV frames of the different cells include different carrier number?



3) How is it possible to ensure the SICH is duplicated as section 5.16.19.1 and identical between different cells (CAPs) as section 5.1.7.4.1 in EUHT system, when the CCs of one STA could belong to different cells (CAPs)? 



4) There is only aggregation mode and no aggregation mode in the STA request capability and STA response capability in section 5.1.5.3.4.4 and 5.1.5.3.4.5. where specified as the STA behavior in CA mode, when the BCF-TLV frames of the different cells include different carrier number and the sum of carrier number is larger than 16. 

Note: section 5.1.7.11 says the number of component carriers is up to 16.






Question 3 about STA power control in uplink CA mode

please provide references, 

1) In uplink, where specified as the uplink power control for a STA in multiple CCs?

2) If each CC independently works for power control, how to sure the STA power does not exceed the maximum STA power?

3) where specified as the signaling of P0 and α in section 5.1.7.9.1 ? And which CC is related to those values?

4) where specified as the referenced signal/channel of the CAP for achieving PLOL in section 5.1.7.9.1?

5) where specified as the UE behavior if the total transmission power is larger than the maximum STA power?








Question 4 about STA behavior for system synchronization in CA mode

please provide references, 

1) where specified as system synchronization in multiple CCs?

2) where specified as “the next channel” of Figure 39 in section 5.1.6.4.2, when the STA is in the CA mode?

3) how to set timer values for synchronization which are good for CA mode?

4) where specified as re-establish the initial synchronization in the CA mode? 

5) where specified as maintain synchronization of multiple CC? 

6) how to maintain the STA who is in CA mode in the network when one CC is bad link condition? 

Note: as section 5.1.6.14.3.1, the STA in CA mode quit and re-access the network as long as the BCF frame of one CC can’t be received successfully.






Question 5 about RSSI reporting

As 5GMF evaluation report and previous response,

[image: ]

please provide references, 

1) how a STA gets the RSSI of more than one cells when the STA accesses CCs of multiple cells? 

2) what’s and how to decide “the current cell” in section 5.1.6.19.2.2 for a STA, when CCs belong to different cells?

Note: in the section 5.1.6.19.2.2, the handover process is only based on the average RSSI of one cell.

3) where specified that the detailed 8 RSSI bits to RSSI value in Table 25 and 27, e.g. what’s meaning of “00000000” RSSI bits?

4) where specified that the RSSI reuses the bit mapping rules of specific transmit power, e.g. the two 8-bit transmission powers in Table 4 and 67?








Question 6 about Handover

please provide references, 

1) how to handover when the STA accesses CCs of multiple cells, under only one RSSI value? 

2) how to handover when the report frame response frame without any carrier information in section 5.1.4.3.4.8.14 and section 5.1.4.3.4.8.15?

please provide references 

3) where specified as signaling, interface or entity in the section 5.1.6.18.1? 

4) where specified all the signaling for MME entity? Without these signalings, the baseline authentication flow cannot work. 

5) where specified the detailed method of “producing layer 2 key” in Figure 61?



please provide references based on the below table, 

6) where specified as SCG?

7) where specified as IEEE 802.3 that mentioned in the Nufront’s previous response?

8) how one CAP receives messages of another CAP, without singalling format and message format definition??

9) how to ensure the reliability of handover data transmission, without such many definitions?



		

		Signaling, interface, or entity

		Usage

		EUHT GCS includes or not



		1

		Core Network entity

		Essential entity for mobility

		No



		2

		Interface between CAP and CN

		Exchange data via specific data format and handover usage message

		No



		3

		CAP Handover request message between CAP-S and CAP-D

		CAP initiates the handover procedure between CAPs

		No, only includes STA handover request frame



		4

		CAP Handover response message between CAP-S and CAP-D

		CAP responses message between CAPs

		No



		5

		Interface between CAP-S and CAP-D

		Exchange data via specific data format and handover usage message

		No



		6

		Path update message

		CAP notifies the path of the change to CN

		No



		7

		Path release message

		CN notifies the path of the release to CAP

		No
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Answer:

5GMF already captures the comments as Part Il D) section 1.3 in 5GMF evaluation report.

5GMF’s understanding on the EUHT specification is that the carrier frequency information is
broadcasted by CAP. Besides the STA capability request and response, there is no further
signaling or procedure specified for carrier aggregation in the EUHT specification. For example,
it is not specified how the STA should behave if it is connected to different cells on the
aggregated frequencies; it is not specified how the data is segmented/aggregated in the
multiple cells; just to name a few. Therefore, in 5SGMF’s understanding, the EUHT specification
does not support the feature of carrier aggregation.
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‘The proponent’s response does not address SGMF’s question on how handover is performed
under carrier aggregation. The handover process i the EUHT specification is only for one
‘working channel/carrier. In case of carrier aggregation, the EUHT specification does not contain
any information on how the handover procedure should be performed. The proponent’s
response above seems to imply that this can be left to implementation, which SGMF does not
concur. Handover procedure is an essential functionality for IMT-technologies; thus leaving it to
implementation willlead to inter-operability issues.

In addition, SGMF notices that, in the single channel/carrier handover procedure from the
EUHT specification, the RSS! is defined to be 8 bits. However, the EUHT specification does not
specify how to map the 8 RSS! bits to absolute RSS! values (e.g. in dBm). Itis SGMF's view that
details on RSS! and its reporting should be specified to ensure inter-operability. This indicates
that even the baseline single channel/carrier handover procedure is not complete in the EUHT
specification. Therefore, in SGMF's understanding, the EUHT specification does not support
handover well.
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FIGURE 66
General Frame Structure of physical layer
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51642 System synchronization

‘The STA system synchronization process is as shown in Figure 39.
‘The main operation processes are as follows:

2) Scan physical signals on a channel;

b Ifthe STA can correctly detect the
Otherwise, repeat the detection until time out, and th
switch to the next channel and repeat the above operation;
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The response about CA from Nufront to SGMF

1. The general clarifications about CA from Nufront

Firstly, there are some general clarifications about CA which may help SGMF have fewer
misunderstandings.

1) EUHT CA concept is different from 3GPP CA

We learnt that in 3GPP CA, each CC corresponds to an independent cell, which can be
divided into the primary and secondary cells in a CA scenario. The primary cell is
responsible for signaling connection.

The CA in EUHT is different:
a) One cell (CAP) may contains multiple CCs.

b) There is no concept about primary and secondary CC (cell) in EUHT, since each CC has
its own control channel to carry L1/L2 control signaling. Actually, each CC contains
complete frame structure (preamble, SICH, CCH and TCH)

FIGURE 66
General Frame Structure of physical layer
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2) STA Behavior

As defined in Section 5.1.6.4.2, STA should perform system synchronization including
channel scan, preamble detection, SICH/CCH decoding, BCF decoding, etc.

3

i 5.1.6.42 System synchronization

e

The STA system synchronization process is as shown in Figure 39

physical frame on the channel  Otherwise, repeat the detection until time out, and then
switch to the next channel and repeat the above operation;

5 The main operation processes are as follows:

T a) Scan physical signals on a channel;

3 | b) Ifthe STA can correctly detect the physical frame header, it considers that thereisa
3

)

3) DATA Transmission/ACK and Link Adaptation mechanism

In EUHT, CAP can schedule the data transmission and perform link adaptation on each CC.
STA will transmit ACK frame if it correctly receives the data. Therefore, CAP will have the
information about the CCs based on the ACK, CQI frames from STA.





2. CA procedure and related sections in EUHT specification

As requested by SGMF, we provide the table below which contains the CA procedure and related
sections in EUHT specification. The EUHT specification is based on 5D/222.

CCH.

Steps
1 CAP broadcasts BCF | Section 5.1.5.3.4.1: BCEF definition. (Page 14)
Section 5.1.6.4.2:  CAP broadcast BCF, STA can get sync.
(Page 51)
Section 5.1.7.5.6.4: broadcast BCF by CCH indication. (Page 129)
Section 5.1.7.11:  Same frame structure and system parameters
in each CC. (Page 139)
2 STA can receive the | Section 5.1.6.4.2:  CAP broadcast BCF, STA can get sync.
BCF at some CC. (Page 51)
Section 5.1.7.5.6.4: broadcast BCF by CCH indication. (Page 129)
Section 5.1.7.11:  Same frame structure and system parameters
in each CC. (Page 139)
3 STA will report to Section 5.1.5.3.4.4: STA basic capability request frame shows if
CAP its CA STA support spectrum aggregation. (Page 20)
capability at the CC Section 5.1.6.4: STA network access and capability
it received BCF negotiation. (Page 50)
4 CAP will notify that | Section 5.1.5.3.4.5: STA basic capability response frame inform if
STA with Response STA do spectrum aggregation. (Page 23)
frame Section 5.1.6.4: STA network access and capability negotiation.
(Page 50)
5 Packets (MPDUs) Section 5.1.6.15: Multi-carrier/subchannel transmission diagram.
can be transmitted at | (Page 71)
different CCs
6 Each CC has its own | Section 5.1.7.11: CCH and TCH in each component carrier can be

different. (Page 139)






Question 1 about the transmit and reception of BCF-TLYV frame in CA mode
1) How is it specified as the process of sending/receiving the BCF-TLV frame in CCs? How

does it guarantees that the BCF-TLV frame is decoded successfully by STA in CA mode
without any information for BCF-TLV in fixed part of BCF frame?

2) What’s the relationship between BCF-TLV frame in section 5.1.5.3.4.1 and custom frame in
section 5.1.4.3.4.8.18 in CA mode?

3) How itis specified as the starting reception time in which BCF-TLV frame appears in CCs

4) how does CAP transmit and STA receive 19*N bits when BCF-TLV length packet load is
only 16 bits in section 5.1.5.3.4.1?

5) how STA can receive the BCF-TLV frame data successfully without knowing real TLV
length, e.g. N is dynamic value in section 5.1.5.3.4.1.

6) How the “some CC” in Step 2 of above table is specified or decided?

7)  What is a definition of time for CAP and STA to start sending and receiving user packets on
CA mode?

BCF Related Information

1) The sub-type of BCF
For each EUHT MAC frame, there is “frame control” field in MAC header to indicate the frame

type, subtype and other information.

FIGURE 4 .
. General MAC frame format -
MAC header (6 bytes) 0 - 4095 bytes 4 bytes
Frame Fragment Fragment
Sequence | Seq. Nr. Reserved | . gme Length Frame body FCS
control indication
Number
. Bitl 16 4 12 3 1 12
FIGURE 5 .
. Frame control field .
Frame control (2 bytes)
re-
Protocol version Frame type Subtype Flow ID transmission Reserved
indication
Bitl 2 1 5 4 1 3

BCF belongs to Management/control Frame, and its subtype is 00000.





TABLE 2 -
Combinations of valid types and subtypes .

+m

Type | Subtype -
P Ty.pe. YP Subtype description .
b2.| description b7 b6 b5 bd b3 .
Management/ 00000 - Broadcasting control frame (BCF) - B
0. control - 00001 . Random access request frame (RA-REQ) -

There is another type of frame which is Custom frame (TLV), its sub-type is 11101. It should be

noted that this is NOT the BCF-TLV.

11100 - Handover command frame(HO-CMD) - .

11101 - Custom frame(TLV) - .

BCF-TLV is not MAC frame. It doesn’t have its own MAC header, frame type or subtype. As
clarified, BCF-TLV belongs to BCF frame and is located in the frame BODY of BCF. In other
words, BCF fixed part and extensible part (BCF-TLV) will share the same MAC header and the
subtype in MAC header is 00000.

By the way, will it be better if we don’t use “BCF-TLV” as the name, just use “extensible part”?

The reason we call the extensible part as BCF-TLV is because it use the TLV structure.

The frame body contains fixed and extensible parts. See Table 3 for information of the fixed part.
The extensible part can be in a TLV structure. .

On the other hand, the custom frame (TLV) with subtype 11101 is a MAC frame. It has MAC
header to indicate the frame type and subtype. As stated in 5.1.5.3.4.23,”Custom frame (TLV
structure)”, it can be used to transmit authentication related messages, or other customized
management/control frames.
2) CAP behavior (Fixed part and BCF-TLV)
As stated in EUHT specification (shown below), BCF will always contain fixed and
extensible parts (if any), which means if CAP wants to support CA, it will transmit BCF
containing fixed part and extensible part. The extensible part will be appended to fixed part.

"5.1.5.3.4.1 Broadcast control frame
BCF 1s used for CAP to broadcast its capabilities and informations.

The frame body contains fixed and extensible parts|See Table 3 for information of the fixed part.
The extensible part can be in a TLV structure.

CAP will decide to transmit BCF on which CC(s). To speed up the network join process, the

better practice is to transmit BCF on ALL CCs.





3)

STA behavior (Fixed part and BCF-TLYV)

As stated in “system synchronization” of EUHT specification, STA will perform channel scan

before joining network. If STA cannot find the preambles and successfully decode

SICH/CCH/BCEF, it will move to next channel. The scan step is decided by STA.

If STA successfully receives a MAC frame, it will

1)

2)

3)

4)

5)

Check the frame type and subtype in MAC header.

If the frame type is 0 and subtype is 00000, then

the STA will know that it is BCF frame.

STA will further check the length field in MAC header.

If the value indicated in “length” field is larger than the length of BCF fixed part, then
STA will know that there is extensible part after the BCF fixed part.

Since the extensible part uses the TLV structure, the STA will check the TLV type.

If it is 0, then

STA will know the extensible part carries the CA related information.

the STA will check the TLV length field, then

STA will know the number of CCs (denoted as N) since N = “length’/19.

Once the STA successfully joined the network based on the procedure stated in 5.1.6.4,

“STA network access process”, CAP and STA can transmit data packets on multiple CCs.

It should be noted that if STA obtains BCF at some CC, it will have all the information about CA,

including starting frequency point of ALL the CCs supported by current CAP. The starting

frequency points may be considered as offset value. As stated in 5.1.7.11 “Spectrum aggregation

mode”, the CCs will have same bandwidth, therefore, there is common indication of bandwidth

and channel number value in the BCF fixed part, as shown below.





CA Procedure NUFRONT

3. The working bandwidth (Working_BW) of each component carrier is obtained through the working bandwidth
mode in SICH(refer to section 5.1.7.4 of Attachment 5.4 to 50/222) and the working bandwidth value in BCF’s fixed
part (refer to section 5.1.5.3.4.1 of Attachment 5.4 to 5D/222)).

Table 3 Fixed part of BCF frame body

bsubbe For sub-6GHz band:
000: 5/10/20M working bandwidth mode Information Length/ bit Remarks
001: 10/20/40M working bandwidih mode
010: 15/30/60M working bandwidth mode CAP-MAC address 48 Unique identifier of the CAP
011: 20/40/80M working bandwidth moade Work " !
100: 25/50/100M working bandwidth mode nuﬁ;b'g? cehanne 8| The minimum channel number occupied by the CAP .
ICAP Working bandwidh set
For mmWave mode, - )
000: 50M working bandwidth mode Working bandwidths for broadcasting CAP: .
001: 100M working bandwidth mode 0: working bandwidth 1 in working bandwidth mode;
010: 200M working bandwidth mode work bandwidth 2 1: working bandwidth 2 in working bandwidth mode;
011: 400M working bandwidth mode 2: working bandwidth 3 in working bandwidth mode;
Others: reserved 3: Reserved

4. The center frequency value of each component carrier can be calculated as below

F_center = F_start + (WCN + 0.5)*Working_BW;

Based on the starting frequency point, channel number and bandwidth, the center frequency points

of each CC can be computed by the equation in the above figure.

Question 2 about STA detects and accesses CCs of multiple cells (CAPs)
As 5GMF evaluation report and previous response, Nufront states the STA can work under

multiple cells.

Answer:
5GMF already captures the comments as Part |l D) section 1.3 in 5GMF evaluation report.

5GMF’s understanding on the EUHT specification is that the carrier frequency information is
broadcasted by CAP. Besides the STA capability request and response, there is no further
signaling or procedure specified for carrier aggregation in the EUHT specification. For example,
it is not specified how the STA should behave if it is connected to different cells on the
aggregated frequencies; it is not specified how the data is segmented/aggregated in the
multiple cells; just to name a few. Therefore, in 5GMF’s understanding, the EUHT specification
does not support the feature of carrier aggregation.

1) One MAC layer uniformly manages and controls component carriers in section 5.1.6.15.1.
However, in section 5.1.5.3.4.1 and 5.1.5.3.4.2, one CAP corresponds to one MAC layer, so
the specification does not specify that more than one MACs manages the CCs of STA
together. So, the management process and STA behavior under multiple MACs are not clear

in the specification.

A:

There is one MAC entity in STA which uniformly manage all the CCs, even those CCs
belong to different cells. For example, the unique sequence number will be given to each
uplink MAC PDU of STA. For downlink, the MAC entity can reorder MAC PDUs from

different CCs based on sequence number.





2) One STA detects and accesses into the CCs of multiple cells, each cell (CAP as specification
in section 5.16.19.1) may have different capability or carrier configuration from others.
Consequently, there are following questions;,

i.  How is the STA behavior specified, if the BCF-TLV frames of the different cells
include different starting carrier frequency within the one same carrier number?
ii.  How is the STA behavior specified, if the BCF-TLV frames of the different cells

include different carrier number?

A:

As clarified before, STA can obtain the CA-related information from BCF broadcasted from
CAPs. It doesn’t matter if the number of CCs of CAPs is same or not. For example, if CAP#1
has 4 CCs while CAP#2 has 3 CCs, the STA will have this information from the BCF from
CAP#1 and CAP#2. If this STA has capability to support 7 CCs, it can connect to CAP#1 and
CAP#2.

3) How is it possible to ensure the SICH is duplicated as section 5.16.19.1 and identical between
different cells (CAPs) as section 5.1.7.4.1 in EUHT system, when the CCs of one STA could
belong to different cells (CAPs)?

A:

SICH will be duplicated on ALL CCs of one CAP. For different CAPs, SICH cannot be the same

because SICH contains CAP ID, which is different for different CAPs.

4) There is only aggregation mode and no aggregation mode in the STA request capability and
STA response capability in section 5.1.5.3.4.4 and 5.1.5.3.4.5. where specified as the STA
behavior in CA mode, when the BCF-TLV frames of the different cells include different
carrier number and the sum of carrier number is larger than 16.

Note: section 5.1.7.11 says the number of component carriers is up to 16.

A:

The behavior of STA is implementation related. For example, if CAP #1 has 10 CCs, CAP #2
has 8 CCs, and STA doesn’t have ability to support 18 CCs. Then STA might decide to
support 10 CCs of CAP #1, and use non-CA for CAP #2. Or non-CA for CAP #1 and 8 CCs
for CAP#2.





Question 3 about STA power control in uplink CA mode

please provide references,

1)

2)

3)

4)

5)

In uplink, where specified as the uplink power control for a STA in multiple CCs?

A: As clarified before, each CC is independently treated in the transmission of signaling
and data since each has its own SICH/CCH/TCH. Therefore, the uplink power control is
also independent for each CC, under the constraints of total STA transmit power and the

power limit from administrative regulation for each band.

If each CC independently works for power control, how to sure the STA power does not

exceed the maximum STA power?

A: It is implementation related. If STA finds the total transmit power exceeds the limit, it

can actively reduce the actual transmit power to meet the limitation.

where specified as the signaling of PO and a in section 5.1.7.9.1 ? And which CC is

related to those values?

A: As stated in EUHT specification, PO and « are configurable parameters. The
appropriate values of these parameters are dependent on deployment scenarios. The
values can be configured by STA or online updated along with other configurable

parameters. Each CC can have its own values of configurable parameters.

where specified as the referenced signal/channel of the CAP for achieving PLoy in

section 5.1.7.9.1?

A: There is no specific reference signal/channel for received power measurement. STA

may use CRS/DRS to compute the received power.

where specified as the UE behavior if the total transmission power is larger than the

maximum STA power?

A: It is implementation related. STA may reduce the transmit power on a subset of CCs

to meet the requirement.





Question 4 about STA behavior for system synchronization in CA mode

please provide references,

1) where specified as system synchronization in multiple CCs?

A:

The procedure stated in section 5.1.6.4.2,”System synchronization” is for STA to join the network.
As clarified before, STA can join the network with CA if it successfully synchronized with one
CC and decoded BCF.

As stated in section 5.1.7.11, “Spectrum aggregation mode”, ALL CCs have same frame structure
(same SICH). Therefore, the frame starting position of ALL CCs will be obtained if STA can

synchronizes with one of those CCs.

2) where specified as “the next channel” of Figure 39 in section 5.1.6.4.2, when the STA is in

the CA mode?

A:

Figure 39 is the initial synchronization, which is used for STA to join network. Before joining the
network, STA has no information of CA. Therefore, the STA is not in CA mode yet. STA will
scan channel to try to obtain BCF information. If current channel fails, STA will move to next

channel. The scan step is determined by STA.

3) how to set timer values for synchronization which are good for CA mode?

A:
After joining the network and working in CA mode, ALL CCs of one CAP will be considered as a
whole, since CAP/STA will work in ALL CCs. The timer values in Figure 40 are implementation

related, which can be set to similar values for CA and single carrier case.

4) where specified as re-establish the initial synchronization in the CA mode?

A: As stated in figure 40 a, if STA cannot receive SICH/BCF until the SICH/BCF timer expires,
it will try to re-establish the initial synchronization. In CA mode, which mean STA cannot receive

SICH/BCF on any CC, since ALL CCs of one CAP are considered as a whole.





5) where specified as maintain synchronization of multiple CC?

A:
After joining the network and working in CA mode, ALL CCs of one CAP will be considered as a
whole, since CAP/STA will work in ALL CCs. Therefore, the procedure in figure 40 applies for

both CA and single carrier case.

6) how to maintain the STA who is in CA mode in the network when one CC is bad link
condition?
Note: as section 5.1.6.14.3.1, the STA in CA mode quit and re-access the network as long as
the BCF frame of one CC can’t be received successfully.

A:

As clarified above, ALL the CCs of one CAP are considered as a whole. If one CC is bad, and
there are still some CCs on which STA can receive BCF, STA can work on those “good” CCs
since BCF content is same from different CCs. STA will quit the network if it cannot receive BCF

on any CC.





Question 5 about RSSI reporting

As SGMF evaluation report and previous response,

The proponent’s response does not address SGMF's question on how handover is performed
under carrier aggregation. The handover process in the EUHT specification is only for one
working channel/carrier. In case of carrier aggregation, the EUHT specification does not contain
any information on how the handover procedure should be performed. The proponent’s
response above seems to imply that this can be left to implementation, which 5GMF does not
concur. Handover procedure is an essential functionality for IMT-technologies; thus leaving it to
implementation will lead to inter-operability issues.

In addition, 5GMF notices that, in the single channel/carrier handover procedure from the
EUHT specification, the RSS! is defined to be 8 bits. However, the EUHT specification does not
specify how to map the 8 RSS! bits to absolute RSSI values (e.g. in dBm). It is 5GMF's view that
details on RSSIand its reporting should be specified to ensure inter-operability. This indicates
that even the baseline single channel/carrier handover procedure is not complete in the EUHT
specification. Therefore, in 56MF's understanding, the EUHT specification does not support
handover well.

please provide references,

General clarifications about handover

As clarified before,

1) CAP will assume STA supports ALL the CCs broadcasted in BCF by CAP.

2) Each CC has its own control channel to carry control signaling information. CAP or STA can

It should be noted that CAP assumes STA supports ALL the CCs, which is also true for handover
case. That is to say STA cannot handover on only a subset of CCs based on the signaling in the
EUHT specification. Therefore, CAP/STA will also consider ALL CCs of one CAP as a whole in

the handover process. The handover related signaling can be exchanged on CC(s) according to the

decide to use which CC(s) in the signaling exchange.

decision of CAP/STA.

Based on the statement above, it can be found that the CA handover is similar as single carrier

handover procedure.

The detailed procedure is as follow,

1)

2)

3)

If the RSSI of some CC(s) is low, STA can send CM-REQ frame to CAP. In CA mode, STA
will decide to transmit this message on which CC.
CAP sends CM-RSP back to STA to control the measurement of STA. In CA mode, CAP will
decide the CC to carry this message.

STA measures the average RSSI of current CAP and target CAP, then sends CM-REP to






report the values to current CAP. In CA mode, the RSSI of multiple CCs will be averaged.
STA will decide the CC to carry CM-REP.

4) STA or CAP will start the handover process by sending HO-REQ/ HO-CMD message. In CA
mode, STA/CAP can decide which CC will be used to transmit this message.

5) In handover execution phase, STA will connect with target CAP. If target CAP uses Carrier

Aggregation, STA will support ALL CCs broadcasted by target CAP.

Q&A

1) how a STA gets the RSSI of more than one cells when the STA accesses CCs of multiple
cells?

A:

As stated in “General clarifications about handover”, STA will measure and report the average

RSSI of current CAP and target CAP through CM-REP message.

2) what’s and how to decide “the current cell” in section 5.1.6.19.2.2 for a STA, when CCs
belong to different cells?
Note: in the section 5.1.6.19.2.2, the handover process is only based on the average RSSI of

one cell.

A:

Unlike the 3GPP CA, one cell (CAP) may contains multiple CCs in EUHT. And ALL the CCs of
one CAP will be considered as a whole in the handover process.

As stated in section 5.1.6.19.2.2, the “current cell” is the serving cell of STA before the handover
execution (HO_CMD message).

3) where specified that the detailed 8 RSSI bits to RSSI value in Table 25 and 27, e.g. what’s
meaning of “00000000” RSSI bits?

A:

RSSI is the received power, which use the same region and mapping rule as the CAP transmit
power , power control, or other power related parameters in specification . Please refer to
section5.1.5.3.4.1 or other sections containing power related definitions. The 8bit value is the
signed decimal number corresponding to -128 to 127 in unit of dBm. For example, 00000000 is

0dBm.





4) where specified that the RSSI reuses the bit mapping rules of specific transmit power, e.g. the

two 8-bit transmission powers in Table 4 and 677

A:

RSSI is the received power with 8 bits indication, it is straightforward to use same bit mapping
rule as transmit power with same 8 bits indication. It might be more readable to replicate the bit
mapping rule in the RSSI definition table. We have updated the specification based on your kind

suggestion for better understanding.





Question 6 about Handover

please provide references,
1) how to handover when the STA accesses CCs of multiple cells, under only one RSSI value?

A:

As clarified in “General clarifications about handover”, there are multiple RSSI values in the CM-
REP message. Each RSSI value is the average RSSI over CCs of one CAP. Then the different
RSSI values for different cells can be compared to assist the handover.

Please see section 5.1.6.19.2 , “Handover management”.

2) how to handover when the report frame response frame without any carrier information in

section 5.1.4.3.4.8.14 and section 5.1.4.3.4.8.15?

A:
ALL the CCs of one CAP are considered as a whole in the handover process. For example, the
RSSI value in the message is the average value over ALL CCs of one CAP. And the handover

cannot be performed only for a subset of CCs.

please provide references

General Clarification about interaction between CAPs and Core Network

The EUHT core network device including MME/SCG, MME is used for mobility management
and security management, which is described in section 5.1.4.3 and 5.1.6.18.1 of EUHT
specification. SCG is short for Service control gateway, it is the main entity of data plane of

EUHT CN, generally SCG is a layer 3 gateway entity.

c) Mobility management: Mobility management of the idle and connected state of the
STA.
d) Network access and security management: responsible for initializing and accessing

processes, generating the information required for the access process. including access
code selection, capability negotiation, and so on. Assist the MME entity to realize two-
way authentication between the mobile station and the network: |

5.1.6.18.1 Authentication flow

The MME (Mobility Management Entity) network element is introduced into the system to
implement the authentication function of the Authentication Server. A peer-to-peer control protocol
flow is added between the STA and the MME torealize the function. A peer-to-peer control
protocol flowis added between the CAP and the MME to support the implementation of the
function. The specific authentication process supported by this system is as Figure 61.

The CAP and CN are connected through IEEE 802.3 standard Ethernet and IP protocols. CAP-S
and CAP-D connected through IEEE 802.3 standard Ethernet and IP protocols.
The messages between the CAP-S and CAP-D (CN) is Upper layer signaling, which is out of the

scope of the EUHT specification. All layer 3 service is supported by EUHT MAC, since





supporting IP based service is a common understanding.

The signaling of path updating and releasing is the wired upper layer signaling, and will not be

defined in EUHT specification.

3) where specified as signaling, interface or entity in the section 5.1.6.18.1?

A:

Please see the sections below for air-interface signaling.

RA process« 5.1.5.3.4.2 Random access request frame « 7

5.1.5.3.4.3 Random access response frame«

5.1.5.3.4.4 STA basic capability request frame « o

SBC process ¢
5.1.5.3.4.5 STA basic capability response frame -

a £
a

Other signaling and interfaces can be referred to “General Clarification about interaction between

CAPs and Core Network” and the response for 4).

4) where specified all the signaling for MME entity? Without these signalings, the baseline

authentication flow cannot work.
A:
Since Nufront clarified that EUHT RIT specification doesn’t give the detailed upper layer
signaling, though Nufront has private signaling implementation. As examples, some upper layer

signaling in Figure 61 in our implementation are given below.





8.2 CONTEXT_SETU F_REQ[R%#;ister request)

-
o

Find the corresponding key according to the
carried 5TA ID, and calculate the authentication
guintuple through the security algorithm.

3.3 DOWMNLINK TRANSFER({guth request)
-4

st)

15g)
—»

3.6 UPLINK TRANSFER(auth response)
>

the MME compares the response values carried in the
authentication response with those calculated by the
MME. If they are consistent, the authentication is
passed, and the key is derived to obtain the first layer
key,

3.7 CONTEXT_SETUP_IND(Register accept)

CONTEXT SETUP REQUEST

CAP ->CN
The CAP uses this message to initiate a user context establishment request to the CN, the

message carries the upper signaling

IE Prese Descriptio
nce n
Message Type M IE Length:
1Byte
CAPID M IE Length:
6Byte
STAID M IE Length:
6Byte
INFO-PDU 0] Upper
signaling

UPLINK TRANSFER

CAP ->CN





The CAP uses this message to carry the upper signaling of the uplink direction to the CN

IE Prese Descriptio
nce n
Message Type M IE Length:
1Byte
CAP ID M IE Length:
6Byte
STAID M IE Length:
6Byte
INFO-PDU M Upper
signaling
DOWNLINK TRANSFER

CN > CAP

CN uses this message to carry the upper signaling of the downlink direction to the CAP

IE Prese Descriptio
nce n
Message Type M IE Length:
1Byte
CAP ID M IE Length:
6Byte
STAID M IE Length:
6Byte
INFO-PDU M Upper
signaling

CONTEXT SETUP IND

CN > CAP
CN uses this message to accept the user context establishment request of CAP, which carries

the upper layer signaling





IE Prese Descriptio
nce n
Message Type M IE Length:
1Byte
CAP ID M IE Length:
6Byte
STAID M IE Length:
6Byte
INFO-PDU 0] Upper
signaling

5) where specified the detailed method of “producing layer 2 key” in Figure 61?

A:

Section 5.1.6.18.1 has described the second layer key. The key derivation of the second layer key
derived from the first layer key belongs to the related functions of the upper layer,, so the
implementation details of the relevant key derivation are not defined in detail in the EUHT Radio
interface specification. In current implementation, Key derivation based on SHA256 algorithm.
STA and MME derive the first layer key, STA and CAP derive the second layer key. The second
layer key is used to encrypt and decrypt radio interface data.

Root Key

STA/MME l

First Layer Key

STAS/CAP i

Second Layer

Koy

please provide references based on the below table,

6) where specified as SCG?

7) where specified as IEEE 802.3 that mentioned in the Nufront’s previous response?

8) how one CAP receives messages of another CAP, without singalling format and message
format definition??

9) how to ensure the reliability of handover data transmission, without such many definitions?





Signaling, interface, or entity Usage EUHT GCS includes or not

Core Network entity Essential entity for mobility No

Interface between CAP and CN Exchange data via specific data | No

format and handover usage

message
CAP Handover request message CAP initiates the handover No, only includes STA
between CAP-S and CAP-D procedure between CAPs handover request frame
CAP Handover response message | CAP responses message No
between CAP-S and CAP-D between CAPs
Interface between CAP-S and Exchange data via specific data | No
CAP-D format and handover usage

message
Path update message CAP notifies the path of the No

change to CN
Path release message CN notifies the path of the No

release to CAP

A:
Please see the “General Clarification about interaction between CAPs and Core Network™.

Moreover, EUHT specification gives the content of the message as follow,

In the handover process, the source CAP decides whether to initiate the handover procedure based
on the measured results reported by the STA. The source CAP initiates a handover procedure and sends
a "CAP Handover Request" message to the target CAP when the source CAP judges that the handover
condition is satisfied. The message carries service flow info, security info, etc. The info helps the target
CAP establish Radio Bearer and restore Air Interface data transmission.

Oms mobility interruption time will be achieved as long as CAP/STA follow the EUHT
specification. The detailed format of upper layer signaling are out of scope of current EUHT RIT
specification. Those formats can be defined in upper layer specification or based on vendor’s
implementation.

As examples, the format definitions in our current implementation are as follows,

a) CAP_HANDOVER_REQUEST

CAP -> CAP

The source CAP uses this message to send a handover request to the target CAP.





IE

Prese

nce

Description

Protocol Id

IE Length: 1Byte
BIT:
10000001

Message Type

IE Length: 1Byte
BIT:
00000001

SRC CAP ID

IE Length: 6Byte

STAID

IE Length: 6Byte

DST CAP ID

IE Length: 6Byte

sub type

= =

IE Length: 1Byte
0: CA
1: HO

EUHT-ARFCN

IE Length: 1Byte
If the sub type is 0 (CA) ,this
field indicates starting

frequency of carrier

HO Count

IE Length: 2Byte
If the sub typeis 1 (HO) , this
field indicates HO count

HO TYPE

IE Length: 1Byte

If the sub typeis 1 (HO) , this
field indicates HO Type

1: normal ho

2: no signaling access

other: reserved

Dual Connect

IE Length: 1Byte

If the sub typeis 1 (HO) , this
field indicates Dual Connect
mode

0: normal(not dual connect
mode)

1: enter dual connect mode
2: leave dual connect mode

other: reserved

Security Info

IE Type: LV
L: 0-255
V: Security Info

Flow Info

IE Type: LV
L: 0-255

V: Flow Info






STAINFO M IE Type: LV
L: 0-255
V: STA INFO

b) CAP_HANDOVER_RESPONSE

CAP -> CAP
This message is used as a response message to the handover request, the target
CAP provides some information to the Source CAP. The source CAP will carry the

necessary information to STA for STA access to the target CAP.





Prese

nce

Description

Protocol Id

IE Length: 1Byte
BIT:
10000001

Message Type

IE Length: 1Byte
BIT:
00000010

SRC CAP ID

IE Length: 6Byte

STAID

IE Length: 6Byte

DST CAP ID

IE Length: 6Byte

sub type

I -

IE Length: 1Byte
0: CA
1: HO

EUHT-ARFCN

IE Length: 1Byte
If the sub type is 0 (CA) ,this field
indicates starting frequency of

carrier

HO TYPE

IE Length: 1Byte

If the sub typeis 1 (HO) , this field
indicates HO Type

1: normal ho

2: no signaling access

other: reserved

Dual Connect

IE Length: 1Byte

If the sub typeis 1 (HO) , this field
indicates Dual Connect mode

0: normal(not dual connect mode)
1: enter dual connect mode

2: leave dual connect mode

other: reserved

ALLOCATE STAID

IE Length: 2Byte

If the sub typeis 1 (HO) , this field
indicates STA ID

allocate staid

Used in access to the target CAP

TA

IE Length: 2Byte
If the sub type is 1 (HO) :
Used in access to the target CAP

VLD_TIME

IE Length: 2Byte
If the sub type is 1 (HO) :
No signaling access process timer

Unit: ms
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